This paper considers the relationship between Shanghai port logistics and regional economic growth. Vector autoregression (VAR) model, Granger causality test, impulse response functions(IRF) are used based on the statistical data of Shanghai for the years from 1990 to 2017. The results indicate a long-term equilibrium relationship among variables. Besides, cargo throughput and container throughput, the chosen indexes to study port logistics exist a bidirectional causality. Cargo throughput is unidirectionally causal to economic growth.
gional economy can achieve common development.
Shanghai Port is one of the most important ports in China, and it is an important engine in economic growth for Shanghai and surrounding areas. With the development of the Shanghai International Shipping Center and the continuous expansion of the services and functions of Shanghai Port, the construction of the Shanghai Port Logistics System has gradually become a focus. At present, most of the research in the relationship between Shanghai Port Logistics and the regional economy is based on qualitative analysis, and there is still no quantitative analysis of the relationship between the two and the degree of mutual influence.
In this paper, we try to use quantitative analysis method to research the relationship between Shanghai's economic growth and port logistics, which provides better reference for the former qualitative research. Actually, the quantitative method is insufficient in the research for the relationship of economic growth and port logistics in Shanghai. Selecting the statistical data of Shanghai from 1990 to 2017, we try to establish a vector autoregression (VAR) model. Granger causality test and impulse response analysis (IRF) are also used to study the relationship between regional economic growth and port logistics.
Because of the limitation of objective factors such as lacking special index of measure the port logistics, the substituted indicators we choose may not represent the development of port logistics in Shanghai precisely. Furthermore, in the context of the global supply chain, the complexity of the international political and economic situation such as Sino-US trade war may contribute to a complicated influence for port industry and regional economy, which also affect the accurateness of our research.
This paper is organized as follows: Section 1 introduces the purpose and importance of researching for relevance between economic growth and port logistics in Shanghai. Section 2 gives a brief overview of research for the relationship between economic growth and port logistics. Section 3 considers the introduction for choosing econometric model and variables, including preliminary processing of data. Based on Section 3, a vector autoregression model through variables is built and we try to apply Granger causality test and impulse response analysis to analyze the empirical results. A conclusion and suggestions are given in Section 5.
Economic Growth and Port Logistics: Literature Review
In the context of global supply chains, ports have become important core in the supply chain for a country or region, so studying the relationship between ports and regional economies is necessary. In the relationship between the port and the city, many scholars have conducted research. Dong and Liu (2008) analyzed the diffusion effect and multiplier effect of regional economic growth, and proposed the coordinated development model of the port logistics and the regional economy [2] . Shen and Yang (2012) considered the synergy of regional logistics with port logistics by using qualitative and quantitative analysis methods, and analysed the influence upon the regional economy. The empirical analysis found out that the interactive relationship between port logistics and regional economic development in the Pearl River Delta [3] .
Wu (2012) qualitatively analyzed the collaborative relationship of port and area economy, and investigated the degree measurement model between those.
The result found out that the synergy measurement model can reflect the level of joint development of Liaoning coastal economic zone [4] . Zhang and Ning (2012) used the data of Hebei province in GDP and port throughput from the year 1990 to 2010 and built grey relational analysis. The result proved port logistics and economic growth have close correlation [5] . Deng (2010) found the relevance of regional economy and port logistics under the circumstance of the regional economic growth theory. Based on empirical analysis, the paper measured the degree of relevance in five coastal ports of China [6] . Lv and Tang (2012) expounded the interrelationship between the port logistics and regional economy and analyzed the relativity between Chongqing port logistics and economy based on the grey synthetically relational degree, which revealed that the two indexes are highly relative. According to the level of coordination between the two aspects using the multi-dimension grey GM (1, N) mode, they found that
Chongqing port logistics and economic are coordinate as a whole system and have a certain development ability, but there are some un-cooperative factors between them [7] . and it provided some references for Chongqing bonded port area to improve the collaborative development level of multi-system [9] .
It can be seen from the existing literature that the relationship between port logistics and economic growth is different for different regions, and the degree of mutual influence is also different. With the variety of global trading trend, economy in different countries or regions is changing frequently and the mutual influence between port logistics and economy is becoming more and more complex. There is an obvious theoretical and practical significance in the research for the relevance between port logistics and economic growth, so this problem is still worth studying.
Econometric Models

VAR Method
The vector autoregression (VAR) model is a model that is constructed by using each endogenous variable in the system as a function of the hysteresis value of all endogenous variables of the system. It is quite often applied to predicting the interconnected system and analyze the dynamic impact of random disturbances on the variable system, and it is available to explain the impact of economic variables on economic shocks [10] .
A VAR model can be applied to study the relationship between different variables when those variables show significant characteristic of time series. Tao there existed a bi-way causality between port throughput and container throughput and that these two indexes were unilaterally causal to economic growth while the contribution of container throughput was more pronounced [13] .
Based on the feature of data, VAR method can be expanded to panel vector au- 
Data Processing
One of the most notable indicators of economic development is the gross regional product (GDP). As an important index for measuring the total amount of the economy, GDP can better represent the scale of the country's economic volume and can measure economic changes. Port logistics is a relatively new problem. There is still no unified definition and no specific statistical indexes. As a system, port logistics is the integration of many logistics services, which can provide goods, funds and information services, and the services are mainly around the goods. Therefore, port cargo throughput and container throughput can be selected as indicators to measure port logistics development.
In order to study the relationship between Shanghai's regional economy and port logistics, we select Shanghai GDP (SGDP) index to measure Shanghai's economic development, Shanghai Port Container Throughput (SJ) and cargo throughput (SH) as the indexes for measuring port logistics in 1990-2017. We choose the natural logarithm of three indexes to eliminate the effects of heteroscedasticity and dimension, and the processed variables are recorded as LNSGDP, LNSH and LNSJ. Table 1 gives the statistical values of Shanghai's GDP, port cargo throughput and container throughput from 1990 to 2017 after natural logarithm processing.
The indicators we selected are typical time series. Exploring the characteristics of time series helps to further process, thus after the non-dimensionalization of data, we try to analyze the statistical characteristics of the indicators. Table 2 shows Descriptive statistics.
A set of quantifiable time series usually has a time trend and instability. It is easy to generate pseudo-regression risk when performing regression analysis on non-stationary time series. To eliminate pseudo-regression, the unit root test is used to test the stability of variables. Non-stationary time series can be adjusted by making the first-order difference of the time series. If the first-order difference sequence is still not a stationary sequence, the second-order difference can be performed. Table 3 shows the unit root test results of each variable.
As is shown in Table 3 , the ADF value of LNSH is greater than the critical values corresponding to the 1% and 5% test levels, so the null hypothesis cannot 
Empirical Results
VAR Method
After the unit root tests of indicators, we find that the original data are not stationary sequences. Despite the traditional VAR model requires stationary of each sequence, with the development of cointegration theory, non-stationary sequences can also directly used in VAR models, as long as there is a cointegration relationship among the variables. In order to reflect the practical signific-ance of the relationship among variables, we consider using non-stationary original sequences to establish a VAR model, and verifying the cointegration relationship later.
Before constructing the VAR model, we should define the lag order of the VAR model at first. Using the AIC, SC, and HQ criteria, we determine the lag order of the model to 1, thus VAR(1) model is established and shown in Table 4 .
We consider the robustness of VAR (1) 
Cointegration Test
After constructing a stable VAR(1) model, we verify whether there is a cointegration relationship among the variables in the model, which is the key to the establishment of the VAR(1) model. The cointegration test is used to test whether the non-stationary time series has a long-term equilibrium relationship. Using cointegration test, we can avoid the possible pseudo-regression problem.
In this paper we use Johansen Cointegration test. Table 5 shows the results of the cointegration test. Note: **indicates significant at 5% level.
From Table 5 , the results indicate that there is a cointegration relationship among LNSGDP, LNSJ and LNSH at a significant level of 5%, which represents that there is a long-term equilibrium relationship among LNSGDP, LNSJ and LNSH, and confirms the effectiveness of VAR(1) model we built. According to Table 4 , we find that cargo throughput and container throughput have positive effects on GDP. 1% increase in cargo throughput can boost GDP growth by 0.11%, and 1% increase in container throughput can drive GDP growth by 0.012%, which is not obvious. Container throughput has a positive effect on cargo throughput, because 1% increase in container throughput can drive a 0.21% increase in cargo throughput.
Granger Causality
In this section, we analyze the relationship among variables by using Granger causality test. Granger causality test can be used to test whether the lag term of a variable in the vector autoregression model affects the current value of other variables, that is, forecast the causal relationship between the variables. The unit root test shows that the variables selected in this paper are unstable sequences, but after passing the cointegration test, the Granger causality test is still worked, and the results are still valid. Table 6 gives the Granger causality test results.
Determining the cointegration relationship of variables, we try to find the relationship among regional GDP, port cargo throughput and container throughput in Shanghai based on VAR model. The results show a unidirectional causality from cargo throughput to GDP in Shanghai and bidirectional causality between cargo throughput and container throughput.
Impulse Response Functions
We have already discussed the causal relationship between variables. In this section, we analyze the degree of interaction among variables, that is, whether variables respond to changes of other variables. We use the impulse response function (IRF) for analysis, which refers to the change of the current value and the future value when a variable is impacted by a standard deviation of the system.
The impulse response function graph of the variable is obtained by using the Eviews 10 software, and Figures 1-3 show the results of the impulse response analysis. Shanghai port cargo throughput in the current period will lead to the growth of Shanghai GDP, and reach the maximum between the sixth and seventh periods, and then decline slowly. The result indicates that cargo throughput brings the same impact to GDP, and the effect last longer. Figure 1(c) shows the positive impact of Shanghai port container throughput in the current period will lead to an increase in GDP, and the effect will continue to strengthen and last during observation periods. Figure 2(a) shows that the positive impact of Shanghai's GDP in the current period will lead to an increase in cargo throughput, but the effect is weak. Figure  2(c) indicates that the positive impact of Shanghai port container throughput during current period will lead to an increase in cargo throughput, and the impact reaches a maximum in the period of 7th to 8th and then decline slowly, which indicate the same direction between the two variables. The change is positive and the effect is strong. Figure 3 (a) shows that impact of Shanghai's GDP in the current period will lead to an increase in Shanghai's container throughput, and the effect is stable and lasts longer. Figure 3(b) indicates the impact of the Shanghai port cargo throughput on the current period will cause the container throughput to be positively impacted (period1-period4), but the effect is gradually weakened and becomes a reverse shock in the fifth period.
Conclusion
In our study, VAR model and related test methods are used to empirically analyze the relationship between Shanghai port logistics and economic growth. The results show that there is a long-term equilibrium relationship among port cargo throughput and container throughput, which are selected to measure the port logistics of Shanghai, and GDP index which is used to measure Shanghai's regional economic growth. The effect of port container throughput on economic growth is not significant, but the growth of port cargo throughput can significantly promote economic growth. There is a unidirectional causality between cargo throughput and GDP. These results show that port logistics development is an important engine for Shanghai's economic growth. Port cargo throughput and container throughput interact with each other and have a bidirectional causality, which shows the interaction within the various systems of port logistics.
Considering the accelerating position of port logistics on Shanghai's economic growth, Shanghai should make full use of the policy advantages of international shipping center and free trade zone, grasp the trend of supply chain synergistic development, broaden the scope of port logistics services, play the roles in the radiation effect and promote the economic development.
